Background: Debate still exists regarding physical and cognitive factors associated with Body Mass Index (BMI) in the elderly population. This study aimed to determine the association between BMI and comorbidity, Quality of Life (QOL), and cognitive function in the elderly population. Methods: This cross-sectional study was conducted from October 2017 to January 2018. The participants included 246 old people who referred to Imam Reza elderly clinic, Shiraz, Iran. The data were collected using Leipad Quality of Life Questionnaire and Mini-Mental State Examination (MMSE). Indeed, weight and height were measured to assess the BMI. The data were entered into SPSS, version 21, and analyzed using ANOVA, Chi-square test, Pearson correlation coefficient, and multiple regression analysis. Results: This study showed that 104 (47%) of the participants were overweight and obese. The mean±SD score of QOL was 46.14±12.01. Additionally, 93 (37.8%) of the participants had cognitive impairment. The results showed a significant difference among normal weight, overweight, and obese groups regarding the mean scores of QOL (P<0.001) and cognitive function (P<0.001). Moreover, 29% of the changes in BMI was explained by QOL, cognitive function, and having hypertension and cancer. Among these variables, the associations between BMI and QOL (r=-0.52, P<0.001) and cognitive function (r=-0.28, P<0.001) were significant.
intrOductiOn
Aging is a major risk factor for multi-morbidity, 1 such as heart failure, 2 hypertension, 3 and osteoarthritis. 4 These comorbidities might affect the elderly people's Quality Of Life (QOL). Depression and physical frailty as a dimension of QOL increased the risk of cognitive impairment. 5 In addition, aging leads to changes in cognition and decrease in performance of cognitive tasks. 6 Moreover, half of the elderly people suffer from obesity. 7 Obesity, as a chronic disease, has become common around the world. 8 Researchers believed that increase in Body Mass Index (BMI) in the elderly people might reduce life expectancy 9 and increase the risk of mortality, 7 cardiovascular diseases, 10 and metabolic syndrome. 11 In fact, obesity has a crucial role in atherosclerosis and coronary heart diseases. 12 On the other hand, Some study reported that overweight reduced allcause mortality risk. 13 The physical component of QOL was also lower in underweight, overweight, and obese elderly adults compared to those with normal BMI. 14 In addition, obesity might impair cognition and motor performance 15 and lead to poor cognitive performance, cognitive decline, and dementia. 16 In a study, obese people dealt with faster decline in their memory, executive function, and processing speed. 17 However, debate still exists regarding the association between obesity, and QOL and cognitive ability in the elderly population. No relationships were reported between higher BMI and lower QOL in Korean elderly population. 18 However, another study indicated a protective association between obesity and cognitive function. 19 Another study also indicated that obese people obtained higher scores in attention and visuospatial ability tests. 20 Other researchers showed that overweight was associated with a reduction in the risk of cognitive impairment in the elderly people. 21 Up to now, there has been some controversy about the outcomes of overweight and obesity in elder people. Thus, more studies are needed to confirm this evidence.
Moreover, a limited number of studies have evaluated the association between BMI and comorbidities such as having heart diseases, 22 hyperlipidemia, hypertension, diabetes, 23 orthopedic problems, urinary incontinency and cancer in the elderly population. Therefore, the present study aims to determine the association between BMI and comorbidity, QOL, and cognitive function in the elderly population.
Material and MethOds
This is a cross-sectional study conducted in the elderly clinic of Imam Reza Clinic affiliated to Shiraz University of Medical Sciences (SUMS), Shiraz, Iran from October 2017 to January 2018. This clinic is an innovative care setting for the elderly patients with complex heath care needs. The reason for selection of this clinic was that the elderly referred to this was likely to our society. The elderly people over 60 years of age included in this study. The exclusion criteria were suffering from mental disorders (major depression, anxiety, bipolar, dementia, and schizophrenia) and neurocognitive impairments, such as Alzheimer's disease.
Based on the study by Giuli et al.
24
considering α=0.05, β=90%, and expected correlation coefficient between BMI and physical component summery score of QOL=0.22, and following formula, a 213-subject sample size was estimated for the study. Then, the sample size was raised to 250 subjects.
The participants were selected using convenience sampling. The data were collected using a demographic information form, Leipad Quality of Life Questionnaire, and Mini-Mental State Examination (MMSE). The demographic form included information about the participants' gender, previous occupation, age, education level, marital status, weight, and height. Some chronic diseases were also assessed by this form. Information about these chronic diseases was gathered from the participants' medical records.
The participants' BMI was calculated by dividing their weight in kg by their height in meters squared. In so doing, a calibrated Seca digital medical scale (GmBH and Co. KG, Germany) was used. This scale benefitted from high sensitivity and accuracy, calculating the subjects' weight to the nearest 0.1 kg. In order to measure their height, we asked the subjects to wear light clothing and stand in upright position without shoes. The participants' height was measured to the nearest 0.5 cm. Weight and height were recorded by a researcher's assistant who had BSc in nursing. Then, based on BMI, the elderly people were divided into three groups, namely obese (BMI≥30 kg/m . 25 Leipad Quality of Life Questionnaire was developed by De Leo et al. at European office of the World Organization. The 31 items of this questionnaire were scored from 0 to 3 based on a Likert scale. Thus, the total score of the questionnaire ranged from zero to 93, with higher scores indicating better QOL. The construct validity of the questionnaire was approved by Leo et al. 26 Moreover, exploratory factor analysis was done on the questionnaire and its construct validity was approved by France researchers. 27 The concurrent validity of the questionnaire with Rotterdam Questionnaire was approved. 26 The questionnaire internal consistency was approved by test-retest reliability. 27 The questionnaire was translated from English into Persian by Hesamzadeh et al. In addition, the content validity of this questionnaire was approved by 10 expert faculty members in Iranian Medical Sciences Universities. 28 Moreover, the reliability of Persian version of Leipad Quality of Life Questionnaire was approved by alpha Cronbach as 0.83, 29 and 0.831. 30 In this study, the reliability of the Persian version of the questionnaire was 0.86.
Another data collecting instrument was MMSE developed by Folstein and Folstein. This 11-item examination is the most common cognitive screening test. The use of this instrument takes approximately 7-10 minutes to screen cognitive impairment. 31 The total score of the instrument ranges from 0 to 30, with scores below 23 representing cognitive impairment. In a previous study, the cutoff score of <24 showed a sensitivity of 58% and a specificity of 98%. 32 Besides, the face validity of the Persian version of the examination was approved by Seyedian et al. The discriminate validity of the questionnaire on two healthy and dementia subjects was approved. The reliability of this questionnaire was approved by alpha Cronbach as 0.81. 33 This study was approved by the Ethics Committee of SUMS (Code: IR.SUMS. REC.1396.15118). The elderly subjects were required to sign written consent forms including information about the study objectives as well as benefits and risks that might occur as a result of participation in the study. Moreover, they were aware that participation in the study was voluntary and their information would be published anonymously. It should be noted that one of researchers answered the subjects' questions through E-mail and cellphone.
After all, the data were analyzed using SPSS Chicago, IL. USA, version 21. Descriptive statistics and Pearson and Spearman correlation coefficients were used. In addition, ANOVA and Chi-square test were used to compare the normal weight, overweight, and obese individuals with respect to the study variables. In order to determine the association between BMI and QOL, and cognitive function, we used Pearson correlation coefficient. Moreover, multiple regression analysis was applied to determine the factors associated with BMI. P<0.05 was considered statistically significant.
results
This study was conducted on 246 subjects. As shown in Figure 1 , nearly half of the elderly participants had normal weight (n=130, 53%). According to Table 1 , most of the participants were female, married, and illiterate. The mean±SD of the age of the whole population and normal weight, overweight, and obese participants was 67.96±7.17, 67.10±6.75, 69.32±7.71, and 68.25±7.28 years, respectively. Approximately one-third of the participants in the three groups lived on their own. The results showed no significant differences among the study groups regarding age, gender, marital status, education level, and living arrangement ( Table 1) .
As Table 1 shows, less than 10% of the elderly participants reported comorbidities, such as orthopedic problems, urinary incontinency, and cancer. Diabetes and hyperlipidemia were reported in 18.7% and 19.1% of the participants, respectively. Moreover, 21.5% and 36.6% suffered from hypertension and heart diseases, respectively. The results revealed no significant differences among the three groups with respect to having different kinds of comorbidities (P>0.05) except for in hypertension and cancer. The number of participants who had hypertension and cancer were more in overweight and obese participants compared to normal weight subjects, specially hypertension ( Table 1) .
The participants' mean±SD score of QOL was 46.14±12.01. The mean±SD of QOL and its dimensions are presented in Table 2 . As seen in this Table, the mean±SD of QOL and its seven dimensions were significantly different among the three groups (P<0.05), and normal weight elderly population had a higher mean score of QOL and its seven dimensions compared to the overweight and obese participants.
Indeed, the association between BMI and QOL was negatively significant (r=-0.52, P<0.001). The three groups' mean scores of QOL and MMSE are presented in Table  2 . According to Table 2 , the three groups were significantly different concerning the mean score of QOL (P<0.001). The post-hoc multiple comparisons by LSD test showed a significant difference between the normal weight and overweight participants regarding the mean difference of QOL (P<0.001). A significant difference was also observed between the normal weight and obese participants regarding the mean difference of QOL (P<0.001) ( Table 3) .
The participants' mean±SD score of MMSE was 23.97±3.61. The three groups' mean scores of MMSE are presented in Table 2 . In addition, 93 participants (37.8%) had cognitive impairment, while 153 of them (62.2%) had normal cognitive functions. In addition, the three groups were significantly different with regard to the mean score of cognitive function (P<0.001). Moreover, the association between cognitive function and BMI was negatively significant (r=-0.28, P<0.001). Furthermore, the post-hoc multiple comparisons by LSD test showed a significant difference between the normal weight and overweight participants regarding the mean difference of cognitive function (P=0.008). A significant difference was also observed between the normal weight and obese Table 3) . The results of stepwise regression analysis showed 29% of the changes in BMI were explained by QOL, cognitive function, and having hypertension, and cancer. Based on the results of regression analysis presented in Table 4 , BMI was associated with QOL (t=-8.57, P<0.001), and cognitive function (t=-3.47, P=0.001). On the other hand, other variables including having hypertension, and cancer were not associated with BMI (P>0.05). So, 71% of the changes were explained by other variables that were not measured in the study.
discussiOn
This study evaluated the association between BMI and comorbidity, QOL, and cognitive function in elderly population. To the best of our knowledge, in this study the association between BMI and comorbidity, QOL, and cognitive function were assessed for the first time in one single study. Of course, the association of BMI and each of these variables was assessed in one study. 34 This study showed an association between BMI and QOL, cognitive function and some comorbidities such as having hypertension, and cancer. Moreover, the elderly population's mean score of QOL was approximately half of the expected score, and roughly one third of the participants had cognitive impairment.
The present study results showed that overweight and obese participants had lower QOL compared to normal weight subjects. In addition, overweight and obese participants had lower physical function, self-care, depression and anxiety, cognitive function, social functioning, sexual functioning and life satisfaction scales of QOL compared to normal weight subjects. Additionally, BMI was negatively associated with QOL in the elderly population. Although researchers indicated that higher BMI was not associated to a lower quality of life in Korean elderly population, 18 researchers in Italy reported that older adults' BMI had a negative impact on the physical subscales of QOL. 24 Another study also revealed that obesity was associated with QOL, especially in people aged over 64 years. 35 In fact, greater adiposity was associated with and predicted lower QOL in the elderly aged 70-90 years old. 36 Obesity might decrease the functional status and mobility 37 and, consequently, decline the elderly people's QOL.
The results of the present study also demonstrated that overweight and obese elderly subjects had lower mean scores of cognitive function compared to the normal weight group. Moreover, BMI was negatively associated with cognitive function in the elderly population. Similarly, obese women had lower performance in attention test and were more impulsive compared to those with normal weight. 38 On the other hand, a study on the elderly population reported that overweight was associated with a reduced risk of cognitive impairment; however, abdominal obesity increased the risk of cognitive impairment. 21 It was maintained that more body fat was associated with more impairment in pattern recognition memory, and memory span length. Indeed, higher body fat negatively impacts a delayed response on the force choice recognition memory task, and visual pattern memory task. 34 Another study also showed that obesity/overweight status was associated with the lowest quartiles of cognitive impairment, verbal fluency, delayed free recall, immediate logical memory, and pre-morbid intelligence. 39 Increased risk of amnestic mild cognitive impairment was also showed to be associated with being overweight or obese. 40 Moreover, it was reported that obesity was one of the risk factors of adverse brain changes and cognitive impairment. 41 Obesity also led to poor performance in cognitive domains, such as global screening measures, memory, and verbal fluency. 20 Some mechanisms have been revealed to be responsible for the association between BMI and cognitive impairment. Obesity might lead to various brain pathological changes, such as cerebral circulation insufficiency, neuronal injury and dysfunction, and brain atrophy and inflammatory disorders. These changes might cause cognitive impairment. 40, 42 Moreover, obesity might increase the thickness of the carotid intima-media, 43, 44 and common carotid artery and hypertension. 43 These vascular problems might lead to cognitive impairment.
The results of the present study showed that BMI was associated with comorbidities such as hypertension and cancer. Researchers believed that obesity was associated with the risk factors of cardiovascular diseases such as diabetes mellitus, hypertension, dyslipidemia, cancers, sleep apnea, etc. 45 In other words, hazard related to hypertension raises at least 2-fold in obese persons. 46 Therefore, obesity increases the risk of morbidity and mortality. 47 The participants' mean score of QOL was approximately half of the expected total score of QOL. Consistently, healthy Iranian elderly population reported low QOL. 48 In addition, 41.9% of the subjects lived by themselves, which might reduce their social interactions and communications. These issues as well as age-related psychological and behavioral features might reduce their scores of general health perceptions 48 and affect their QOL. The current study findings indicated that roughly one third of the participants had cognitive impairment. In line with our study, in a study on the Iranian elderly population, the prevalence of cognitive weakness in different ages and education groups was reported as 30.1%. 49 Moreover, one-third of the elderly population in Shanghai, China also reported cognitive impairment. 50 Our study strength consists of the evaluation of the association between BMI and some factors including quality of life, cognitive function and comorbidities such as diabetes, hyperlipidemia, hypertension, heart diseases, orthopedic problems, urinary incontinency and cancer. Moreover, using stepwise regression analysis was another strength of this study to assess the association between BMI and some variables.
On the other hand, one of the limitations of this study was its cross-sectional design which set a limit to examining the causality effect of BMI on cognitive impairment and QOL.
As roughly half of the elderly subjects were overweight and obese, it is recommended that such people should be provided with clinical counselling focusing on diet, physical activities, and lifestyle modifications. Since BMI was associated with QOL and cognitive function in the elderly people, modification of lifestyle is suggested in order to prevent obesity or overweight. Further interventional studies focusing on innovative treatment strategies are recommended to improve QOL and cognitive function in obese or overweight elderly people. cOnclusiOn The present study results showed that overweight and obesity affected approximately half of the elderly people. Besides, the mean score of QOL was approximately half of the expected total score of QOL. In addition, approximately one third of the elderly participants had cognitive impairment. The results also indicated that BMI was associated with QOL and cognitive function. This implies that overweight and obese older individuals had worse QOL and cognitive function in comparison to those with normal weight. Healthcare workers may use these findings to design prevention and treatment programs targeting the elderly population.
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